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ATV with twin Sound Channels 


Part-2 (conclusion) 


3.4.1 The Intercarrier Receiver 


The intercarrier system has the advantage of 
simple signal handling at IF level and requires 
the lowest expenditure (Fig.7). This cost- 
effective solution is at the cost of objection- 
able intercarrier buzz, which consists mainly 
of field and line frequency and of components 
of the line frequency. In addition, titles keyed 
in electronically can cause interference on 
sound, 


3.4.2 Parallel Sound System 


In the technically best variant, the parallel 
sound technique, the intercarrier interference 
is avoided. Circuit-wise, the sound is not 
regenerated by taking the difference between 
the sound and vision carriers, but instead each 
channel has its own IF amplifier (audio 1 = 
33.4MHz, audio 2 = 33.15MHz), as Fig.8 
indicates, Currently the parallel sound system 
is employed only in very high quality (expen- 
sive) receivers. 


3.4.3 Quasi-Parallel Sound System 


An interesting variant is the so-called quasi- 
parallel sound receiver. It avoids the inter- 
ference from keyed-in text but exhibits all the 
other disadvantages of intercarrier receivers. 


Parallel denotes the parallel signal processing 
following the tuner, quasi is in relation to the 
intercarrier system (Fig.9). In comparison to 
the system described in 3.4.1 it is visible that 
due to the separation of the two signal paths, 
each stage can be optimised as appropriate. 


4. 
ENHANCEMENTS TO THE 
TRANSMITTER 


4.1 Modulator and Automatic Frequency 
Control 


Anyone expecting a circuit diagram and 
constructional advice at this stage is going to 
be disappointed, since as was already indica- 
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NYQUIST- 
FILTER 


Fig.7: 


ted in section 3.2 and shown in the block 
diagram (Fig.5), the second sound channel 
uses the DJ4LB 002 module from VHF 
COMMUNICATIONS 1/1972. Everything 
mentioned there is still valid for this enhance- 
ment. Alignment is, however, not at 33.4MHz 
but at 33.15MHz. Also the AFC (automatic 
frequency control) can be adopted without 
alterations (DJ6PI 003). 


The internally generated comparison fre- 
quency is, in contrast with the original 
description, aligned using L3 to 5.742MHz, 
also the input circuit. 


AN 


NYQU|ST- 
FILTER 


VIDEO 


FM-OISKRIMINATOR 


5,742 MHz 


Signal Route in the Intercarrier System 


Incidentally, the precise alignment of the 
frequency comparison stage is described in 
VHF COMMUNICATIONS German issue 
4/1975 and can be read up there. 


4.2 The Diplexer 


The uncritical circuit in Fig.10 was built on a 
trial basis on Veroboard and worked fault-free 
the first time round. All the same a tinplate 
screening case of the appropriate dimensions 
must not be forgotten; the inputs and outputs 
can be brought through conveniently using 
BNC flange sockets. 


33,4 MHz FM-OISKRIMINATOR 


Fig.8: Parallel Sound Receiver 


~ i] 
nS +/ ——- K? 
~ é 


33,157 Mz =M-OISKRIM NATOR 


NYQUIST- 
FILTER 


38,9 MHz 


Fig.9: 


The transistor BF191 works in collector 
mode. The two sound IF inputs are fed 
together via a resistor network and matched. 
The two potentiometers P1 and P2 allow the 
level of the two sound carriers to be controlled 
within wide limits. 


Sound 1 
33,4 MHz 


Sound 2 
33,157 MHz 


82 


Fig.10: The Diplexer 


33,4/33,457 MHz 


VHF COMMUNICATIONS 1/92 


VIDEO 


U z tify ae 


5,742 MHz FM-DISKRIM!NATOR 


Intercarrier Receiver (Quasi-Parellel Sound System) 


The ferrite bead FP provided in the collector 
lead looks after RF interference. 


Alignment is confined to setting the operating 
point. P3 is used to set 5.4V on the emitter of 
the transistor and the total current consump- 
tion is then about 10mA, 


12 V 
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47 us (7,35 %) 


59,3 ys (92,65 %) 


64 ps (100 %) 


Composite Signal 


(Black screen without lift) 


e 


Psyne 


sta OOM 


Pott 


Payne Toone Dr 
0,0735+0,9265: a 


relative black level) 


Fig.11: Relationship between Sync Power and Effective Power in a blackpicture 


4.3 Qualitative Data 


Presented in this section are some typical 
measured values of the modified 70cm ATV 
transmitter. Additionally a method is given at 
the outset for determining the peak sync 
power level. 


9,65 


0,60 


0,68 0,70 0,72 0,74 0,76 0,78 0,80 0,82 


a _ 
Fig.12: Correction Factors for 


calculating Peak Sync Power 
with black Vision Modulation 


4.3.1Determining Peak Sync Power 


Measurement of vision transmitter power - the 
peak sync power - is not as simple as for 
sound transmitters, since this power is avail- 
able only for a brief period (Fig.11). 


First thing to do is to measure the effective 
power of a defined signal (modulation of an 
all-black picture), for instance using a thermal 
power meter; then a correction factor for peak 
sync must be determined. Into this correction 
factor go the shape of video modulation and 
the size of the sync pulses. 


The mathematical integration over one line 
64 ps 


1 
P=— Jf via 
T 


0 
produces correction factors, as can be seen in 


Fig. 12. 


Also valid is: ‘ 
Peyne = Pe * ———-————— 
sync" 0,0735 + 0,9265 a2 
_ Pow 
where: k 


Ponce = peak sync power 
Pug = effective power 
a = relative black level 
= 1- (sync length in % / 100) 
k = correction factor 
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Fig.13: Picture to Sound Offset in 
both cases -13dB from the 
Vision Carrier (BT) 


To determine the length of the sync pulse | use 
my oscilloscope to display the demodulated 
video signal from my TV test/measurement 
receiver, 

If we are working with vestigial carrier, I key 
in the video level for about 4 microseconds a 


zero blanking pulse. This allows the length of 


synchronisation to be determined exactly. 


4.3.2Intermodulation 


During the combined amplification of sound 
and vision signals additional sum and dif- 
ference frequencies arise from the intermodu- 
lation between the shared frequencies, Within 
the channel in use these intermodulation 
products are designated cross-modulation, 
outside that channel as spurious signals, 


Beyond the known intermodulation of the 
single audio transmitter, an additional inter- 
modulation product manifests itself in a twin 
audio transmitter at the vision frequency plus 
and minus 242kHz (cross-modulation) and on 
the twin sound carriers at spacings of plus and 


minus 242kHz times n where n = 1, 2, 3, ete. - 
i.e. cross and spurious modulations. 


6 


Fig.14: 


| 
TU 


im aT A 


-242kHz BT +242kHz 


Cross-Modulation products +/- 
242kHz from the Vision Carrier 
offset -48dB 


Whereas the last are small enough to ignore, 
the cross-modulation on the vision carrier 
require increased vigilance since they can 
have an influence on picture quality, Measure- 
ments with varying vision to audio 1 and 
audio 2 carrier offsets produced discernible 
differences in the magnitude of these 242kHz 
products. First measurements (Fig’s.13 to 15) 
were taken with vision to audio | to audio 2 


Joisptay a |LINC ALL 


Fig.15: Cross-Modulation products 
shown on the demodulated 
signal in use (greyscale with 
zero blanking pulse) 
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| 


BT T, T2 


Fig.16: As Fig.13, but sound offset 
-13/20dB 


(Tl and T2) offsets of -13dB cach time, then 
with other offsets. A good compromise turned 
out to be offsets of -13 to -20dB, keeping 
cross-modulation down to -65dB, as seen in 
Figs.16 to 18. 


Cross-modulation can also be seen very well 
in Fig.15 as an overlay to the useful video 
signal demodulated. 


Fig.18: In comparison with Fig.15, 
the overlaying of the 
greyscale reduced 


~242kHz BT +242kHz 


Fig.17: As Fig.14, but with significantly 


reduced cross-modulation products 
due to lower second sound carrier 


4.3.3 Difference Carriers-to-Noise 
Voltage Offset 


As already mentioned, in the mixing of sound 
and vision carriers in the TV receiver the 
difference frequency of 5.5MHz (5.72MHz) 
takes on not only the modulated audio but also 
undesired, modulation-dependent phase varia- 
tions of the vision carrier. 


This interference contribution to the audio 
channels is measured modulating a test pattern 
and on a deviation of 50kHz procured with an 
audio modulation frequency of 500Hz. 


This measurement must be carried out in an 
“‘evaluated’’ fashion, that is to say ahead of 
the measurement device a special filter (pso- 
phometric filter) is fitted. 


Fig.19 shows the relevant evaluation curve 
and indicates that at a frequency of 1kHz the 


3 evaluation is OdB. In addition the rectification 
1 of the quasi-peak must also be measured so 
| that the interference effect of pulses can also 


be considered, Noise voltage offsets of -35dB 
are reached, at which the magnitude of the 
interference level is closely dependent on the 
power of the two audio carriers. 


oe 


5. 
FUNDAMENTALS OF MATRIXING 


The following discussions represent a small 
excursion into theory and included for the 
sake of completeness. They do not need to be 
considered in normal radio operation, but 
need to be considered and recognised when 
high-quality transmissions, such as for stereo, 
are to be achieved. 


In the present article circuits for matrixing are 
omitted. 


5.1 Matrixing in Radio Broadcasting 


So that mono receivers with their single 
channel can retain both the information 
signals of a stereo transmission, FM radio 
matrixes in one channel the sum and in the 
other the difference of the two signals. In the 
stereo receiver the original information is 
de-matrixed or recovered by addition and 
subtraction (Fig.20). 


If this technique is adopted for twin-audio 
transmission, a very high equality of channels 
is achievable but the channel separation is not 
quite adequate (slight crosstalk attenuation). 


VHF COMMUNICATIONS 1/92 


There is an additional argument against this 
principle: as described, on the receiver side 
the intercarrier technique has been largely 
successful, with the sound IF achieved by 
mixing the vision and sound carriers. An 
(undesired) phase modulation of the vision 
carrier leads therefore via the sound IF to 
interference modulation in the two sound 
channels. A simple example calculation 
makes clear that the distribution of this buzz 
voltage over the channels following demodu- 
lation is to be expected. Given that both 
channels present a magnitude of intercarrier 
interference N to the transmission path, then 
the following conditions apply: 


Channel 1 

Sey ft et Ban L+2N 
Channel 2 

are ee MP upet tinea 
Transmission path Receiver 


Through the formation of the sums and 
differences various interference magnitudes 
appear in both channels; in the extreme case 
the interference will appear at twice the level 
in the left-hand loudspeaker while the right- 
hand one would be undisturbed. 


Evaluation curve for 
measuring the evaluated 
level of interference 
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L L+R 


Channel | 


Channel 2 


a a 


Transmitter Receiver 


Fig.20: Matrixing in FM Radio 


Channel 1 


Channel 2 


a ——————————— Se R o— -- 


Transmitter Receiver 


Fig.21: Matrixing in Television 


L o 
Channel 1 
a 4 


b 


Channel 2 


R R 


Receiver 
Transmitter 


Fig.22: Matrixing with the changeover from twin-channel operation (a) 
and Stereo (b) 


fm 

eo 

This technique is therefore excluded from 
television transmission. 


5.2 Matrixing in Television 


It looks different when instead of sum and 
difference signals, the signal of the sums is 
transmitted with the signal of the right-hand 
channel (Fig.21). 

Calculation of the interference signal gives: 


Channel | 


L4R L+A 
Na [ ——— + N] x24 {-1(R +N) =L4N 
2 2 
Channel 2 
R4N R+N 


The halving of the signal of the sums on 
channel 1 serves only for equalisation of 
levels. 


Both channels are thus affected in the receiver 
to the same extent, a major advantage over the 
technique described previously. 


Finally Fig.22 expands the matrixing descri- 
bed in Fig.21 with simple switching between 
stereo and twin-audio transmission. 


6. 
CLOSING REMARKS 


The high occupancy of the amateur bands on 
the one hand and sensitive and highly selec- 
tive receivers on the other, also paying heed to 
the handicap of standards means that the 
significance of accurate measurement is tak- 
ing on ever more importance, both during 
home construction and afterwards in normal 
operation. 


Methods of measurement for operational 
parameters such as power, intermodulation or 
deviation are adequately described in the 
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amateur literature and are practised daily. The 
adoption of new technology (colour, twin- 
audio) leads to the introduction of further 
magnitudes of measurement. We can imagine 
measurements of differential phase and ampli- 
tude, of group delay or of differential carrier 
offsets. 


In this connection simple, test signals or test 
lines can give good service. As an example, a 
250kHz transient can very rapidly provide 
information about group delay time in the 
luminance region up to about 4MHz. 


The ATV transmitter can be expanded in 
stages, allowing the group delay time to be 
adjusted and the characteristic line to be 
equalised. For the interested TV amateur this 
area presents a broad field of activity. 


te 
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Oliver Nel, Klaus Solbach DR IBA, Jochen Dreier DG&SG 


Omnidirectional Waveguide Slot Antenna 


for Horizontal Polarisation 


Part-2 (conclusion) 


3. 
ANTENNA FOR THE 23CM BAND 


The requirement is an antenna that covers the 
complete 23cm band with the highest possible 
gain in the azimuth plane (horizontally). 


With the help of a simulation (S-Compact) for 
matching and slot voltages and the additional 
simulation of the antenna diagram, an investi- 
gation was launched into how many elements 
should be used. To begin, equation 3 produces 
a maximum of 10 slot pairs with f= (1.3GHz 
- 1.24GHz) and fy= 1.27GHz. The simulation 
process indicated, however, that even with 12 
slot pairs, VSWR did not pass significantly 
above 2 except at the extremes of the band. At 
the same time the beam squints downwards by 
about | degree at the bottom end and by the 


same amount upwards at the top end of the’ 


band. The related drop in gain including losses 
due to mismatching is about 1dB, whereas 12 
dB; is achieved in the centre of the band. 


The antenna as completed is shown in Fig.8. 
For the waveguide a rectangular pipe 180 x 50 
x 4mm (extemally) to DIN 1770 standards is 
used (the material is AIMgSiv 0.5 F22); this is 
widely used as an extruded profile in 
mechanical construction. Producer is the 
company Wieland in Ulm, price about £7 per 
metre, maximum length 6 metres. 


A flange is applied to the top end and screwed 
tight to form a short-circuit. Here at Telefun- 
ken we used a special salt bath welding 
process but for amateur technology a simple 
piece of sheet metal short-circuit will suffice, 
either screwed on or attached with conductive 
fastener (Fig.9). 


The centre offset and length of the slots 
correspond with the results from examples 1 
and 2. The distance of the slots from half or 
quarter of a wavelength of the waveguide (for 
short-circuit) were calculated with equation 5 
for a centre frequency of 1.27GHz. 


o 


x Shere circuit viele 6mm Alu 


HS screws. =, 


ets { 
. 


Koux ~ Adapter 


Zion — Antense 
Ay = 324.500 
+116 mm 


— 
[__eevonutae 180 x 50x va 


Fig.8: Construction of the 23cm 
Antenna with 12 pairs of slots 


Sheet-Metal Screws 


Waveguide 


Short cirevit plate 


Conductive 
fastener 


Fig.9: Alternative possibilities for 
fastening the short circuit plates 


with screws or conductive fasteners 
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UG S8A/U (TypN} 
Be Short circuit 
Probe 


Approx. 7a 


Inner 
conductor 
sleeve 


Fig.10; Construction of the waveguide 
to coax transition of the 23cm 
antenna 


Radiating 
section 


Any distance 
desired 


| ©. | I Koax — Adapter 


Fig.11: Integration of the coax 
adaptor without flange 
connection 
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Below the last slot there is a conductive 
section of about 65cm to a waveguide-to-coax 
transition at the end of the waveguide. The 
transition is made as shown in Fig.10, with a 
coupling probe protruding into the waveguide 
about an eighth of a wavelength from a 
short-circuit. The coupling probe comprises 
an N-connector with extended centre conduc- 
tor. The connector is turned on the flange side 
around the outer coaxial conductor so that it 
can fit in a corresponding hole in the broad 
side of the waveguide. The inner conductor 
made into a sleeve is lengthened with brass 
circular section soldered onto it. 


The dimensioning of this transition with its 
thickened probe and its short distance to the 
waveguide short-circuit is at variance with the 
conventional construction methods which use 
thin probes and a quarter waveguide wave- 
length distance. At the same time the match- 
ing bandwidth is well below the size of the full 
waveguide transitions, but with careful adjust- 
ment the complete 23cm waveband is 
achieved, with reflections attenuated by 30dB. 


The transition can also be integrated directly 
into the antenna waveguide without a wave- 
guide to flange connection (Fig.11). The 
antenna is then made up only of a single piece 
of waveguide with milled slots and the coaxial 
adapter together with a short-circuit plate at 
each end. 


The complete antenna demonstrates the 
expected matching characteristic (Fig.12) 
with a VSWR less than 2 up to approaching 
the band ends and with the best match at the 
centre of the band. The radiation diagram 
(Fig.13) shows in the horizontal plane a 
variation of plus or minus 1.3dB. In elevation 
the first side-lobes appear at -13dB, as 
expected with an antenna with constant 
element levels, and the 3dB beamwidth is 6 
degrees. 


“4,24 1.26 4.28 13 
——» f/iGHz 


Fig.12: Measured SWR of the 23cm 
Antenna as a function of 


The expected slight deviation of the beam 
(squinting) on leaving the centre frequency 
and the gain values given above were 
achieved with close approximation. 


Fig.13: Measured Circular radiation 
diagram of the 23cm Antenna 
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4. 
ANTENNA FOR THE 13CM BAND 


An ATY repeater required a_ horizontally 
polarised omni aerial on a frequency of 
2392.5MHz. The dimensional details of the 
23cm antenna can be scaled up if use is made 
of a waveguide cross-section which has been 
scaled down by the frequency relationship 
(the factor is 1.27 divided by 2.3925). 


Sadly, the series of flat profiles according to 
DIN standard 1770 does not contain a 
rectangular section close to the result of the 
calculation performed on the 23cm profile. 
Therefore recourse was made to welding 
together two aluminium angle sections, Our 
limited production facilities were able to make 


Fig.14: Photograph of the 13cm 
Antenna with 9 pairs of slots 
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a waveguide with the exact dimensioned 
cross-section of 86 x 21mm, but only in 
lengths of 900mm maximum. 


With this length only nine slots can be 
undertaken and the slot dimensions must be 
re-calculated. The dimensioned slot conductor 
value according to equation 9 rises to: 


Z JR = 1/9 = 0.111 


Thanks to the exact scaling of the waveguide 
cross-section, the relationship of side a to b 
and the waveguide’s wavelength to the free 
wavelength remain exactly as with the 23cm 
antenna. So the offset of the slot centre can be 
as in Fig.6 again. From Fig.6 we read off first 
x = 9.75mm for Z,/R = 0.111. With the scaling 
factor we get: 


The slot length can also be taken from the 
corresponding 23cm drawing; Fig.7 gives 
initially for x = 9.75mm the dimensioned slot 
length L/[lamda zero] = 0.494. At the design 
frequency the slot length thus becomes: 


Incidentally the slot distances and the short- 
circuit distance emerge with the scaling factor 
from the corresponding values of the 23cm 
antenna. Because a 5mm tool was available 
conveniently, the slots were milled with this 
width. 


Fig.14 shows the resulting antenna. The 
transition to coaxial conductor at the bottom 
end of the antenna is once more made with an 
N-connector and an extended probe. While 
the dimensions of the probe could be reduced 
to some extent by the scaling factor, the 
measurements of the connector itself naturally 
could not be changed. The cross-section of the 
coaxial line (connector) have only slight 
influence on the characteristics of the transi- 


VHF COMMUNICATIONS 1/92 


2.36 


—e fi GkKz 
Fig.15: Measured SWR of the 13cm 
Antenna as a function of 
Frequency 


tion, but on higher bands a smaller connector 
(for example an SMA) should be used in order 
to scale the relationships more closely. The 
short-circuit at the bottom end of the wave- 
guide is brought closer according to the 
scaling factor on the 23cm dimensions. 


a 
Measurement of the input matching of the 
antenna (Fig.15) shows a satisfactory match, 
though slightly shifted from the desired 
frequency - a sign that the rescaling was not 
100 per cent successful. The elevation radia- 
tion characteristics (Fig.16) display a beam- 
width of around 8 degrees and between 13 and 
14dB suppression of side-lobes. The mea- 
sured antenna gain is around 10.4dB[i], within 
a few tenths of a dB of the theoretical value 
for the loss-less situation. 


5. 
PRACTICAL EXPERIENCE 


During 1989 and 1990 DG8SG/P was active 
from locator JN58BH in a number of contests 
and QRV on 23cm with SSB in BBT. 


Fig.16: 
. Measured elevationradia- 
‘) - tion diagram of the 13cm 
iN . Antenna between -90 
\ degrees (vertical to the 
ground) and +90 degrees 
| (vertical upwards) 


a 


© 
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Ca 


The matching he measured through cable 
losses of the feeder (1dB) appeared better than 
as measured in the laboratory. 


As reference antenna a 23 element Yagi with 
18.5dB[i] gain was available, fed via 10 
metres of 5/8’’ Flexwell cable. the omni aerial 
was connected to the transverter through 3.5 
metres of RG-214 and a coaxial switch, 
enabling rapid selection of either antenna. On 
receive the Yagi showed an advantage (about 
4 or 5dB) but only when it was accurately 
beamed. On transmit most stations reacted 
positively when both antennas were used 
(‘‘the omni works fine’’). 


The 23cm and 13cm antennas were tested out 
on FM-ATV at the weather station tower of 
Gundremmingen power station (JN58FM). 
After solving problems of transport (the lift) 
and mounting (narrow platform) -the long 
23cm antenna caused particular grief - the 
results were very satisfactory and got enthu- 
siastic reactions (significantly improved pic- 
ture quality over the original antenna system). 


6. 
OUTLOOK 


The experimental results support the validity 
of the dimensioning work. One can expect 
then that other, divergent sizes of antenna will 
be built. All the same, with slot totals 
significantly more than 12, a narrow band- 
width must be reckoned with and fine 
tolerances of waveguide size and slot dis- 
tances will lead to frequency shifts. With 
amateur production methods antenna sizes of 
more than 20 to 25 elements should not be 
exceeded (approx. 3 degrees beamwidth). 
Smaller totals of slots will produce more 
broadbanded antennas and uncritical dimen- 
sional tolerances. 
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Fig.17: Practical mountingmethod for 
the Waveguide Slot Antenna 


For outdoor antennas the slots must be 
protected, to prevent rain and snow entering 
the waveguide. Thin self-adhesive tape is 
suitable, e.g. Scotch Invisible tape, wound 
around the waveguide. The negligible thick- 
ness of normal tape will have no detectable 
influence on the slot characteristics at these 
frequencies. 


Alternatively thin-walled plastic piping with 
low RF loss can be used to make a radome; 
suitable pipes will be difficult for amateurs to 
obtain and will additionally need its own 
method of fixing. 


In both cases some ventilation is necessary at 
the bottom of the antenna to equalise air 
pressure and let out moisture. 


Mounting can achieve an elegant unit of 
support mast, feedline and radiator all com- 
bined. This involves selecting a sufficient 
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length of waveguide that will hold the 
radiating section (the slots) high enough, 
while the lower end with the coaxial input 
forms the lower fixing point or standing foot, 
as seen in Fig.17, In this way no separate 
feeder is required from the foot of the mast to 
the radiators: the extremely low feed loss of 
the waveguide at less than 0.1dB per metre 
could scarcely be achieved with coaxial cable! 


In this form the antenna requires no bearer 
mast. On the contrary, the security of the 
rectangular pipe of the 23cm and 13cm 
versions should be sufficient to carry further 
antennas at the upper end. Their coax feeders 
can be led up the narrow side of the 
waveguide without problem and small screws 
and clips for fixing can be kept away from the 
radiating slots. 


oe 
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Get a slice of the action with amateur television. We can supply you with the equipment to get 
you started in this thoroughly exciting aspect of the hobby. 


NEW 24CM DOWN CONVERTER 


40Mbhz IF output, 27dB conversion gain. Uses high performance 0.35dB noise figure 
GaAs FET together with the latest MMIC and surface mount technology to give superb 


performance. 


Colour TV transmitter, 0.4 Watts RF output. Improved design operates from 11.5 to 


13.8V¥ DC input. BNC inputs for both video and audio subcarrier, RF outputs via SMA 
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Audio Sub carrier + Vogad - enables you to use sound on your video transmitter. 
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sound demod with 1 Watt audio output 


24CM Low Noise Preamp - A proven design with excellent results. 
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with Multiple Switching Outputs 


The author describes a DTMF converter 
which uses the dual-tone sequence recei- 
ved to control any desired on or off 
switching of up to six outputs. Using a 
three-level address which can be defined 
by the user, it is possible to operate up to 
4,096 devices independently of one 
another on the same frequency. 


The circuit would be relatively difficult to 
realise using normal devices but has been 
achieved using custom Generic Array 
Logic chips. 


i 
INTRODUCTION 


Many modern pieces of radio apparatus can 
send DTMF (dual-tone, multi-frequency) tone 
sequences. In the USA these tones are used for 
dialling into the telephone system and permit 
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direct dialling into the public telephone 
system, 


This function has generally less practical use 
on sets imported for the European market 
since unlike the USA, connection between 
amateur radio and the public telephone system 
is not allowed. 


Another possible use of the DTMF tones lies 
in the remote control of various devices. The 
reception and decoding of the transmitted tone 
sequence using the circuit described now 
enables the control of various switching 
outputs, A total of six separate outputs can be 
operated independently of each other. 


The operation of the desired switching output 
is carried out following reception of the 
three-digit address defined by the user. The 
fourth digit sent actually switches on or off. 
The switching is permanent, that is it remains 
in the switched position until power is 
removed or the outlet is switched off. 
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According to the type of IC7 used, all 
switching outputs can be active High or Low 
(74LS06) or also have Open Collector outputs 
(74LS05). 


Radio sets not fitted with a DTMF keypad can 
still be used with the assistance of a so-called 
Tone Dialler Pad of the type sold cheaply for 
remote controlling answering machines and 
so on. The desired tone sequence can then be 
coupled acoustically to the microphone of the 
radio. 


1.1 Format of the DTMF system 


The DTMF scheme uses a total of eight 
different audio tones. The frequencies of the 
four lower tones are below IkHz in the 
so-called Low Group, while the other four 
tones are in the High Group above IkHz. 
When a DTMF tone-combination is sent, 
always one tone from the Low Group and one 
tone from the High Group are transmitted 
together. There are thus 16 combinations. 
Table 1 shows the relationship between the 
keys and the transmitted frequency pair. 


in. CET) 


c 


1 | LL 
=—wcw 
= a ae 


i 


Fig.1: 


“~ . 
oe 
Most of the available DTMF transmitters 
support only 12 of the 16 possible keys; the 


combinations A, B, C and D are normally 
unused, 


2. 
CONTROLLING THE CONVERTER 


As already mentioned, the converter responds 
after receiving a code address, which the user 
programmes on the PCB using DIP-switches. 
Table 1 shows the relationship between the 
DTMEF key combinations and the frequency 
pairs transmitted, also the logic state resulting 
on outputs Q1 to Q4 of the DTMF receiver 
(IC1). Corresponding to these logic states, the 
DIP-switches provided on the board preset the 
desired card address. SW! thus sets the first 
digit of the address. Fig.2a indicates the 
setting of the DIP-switches for the card 
address 78 0. 


After receipt of the first step of the address, 
the next step must be received within one 


LTE ps 


Block Diagram of the DTMF Converter 
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DVDODOrF#*# ODNMNEWN=O0 
Oonwsws--0C0O+-H-4--0000 
OoO-u O-8-024=30=232020-=0-0 


Table 1: Relationship between DTMF 
keypad numbers, DTMF 
frequency and the resulting 
logic state on QI to Q4 (IC1) 
of the DTMF Receiver 


second. If this is not the case, the address is 
declared invalid and the code input must be 
made afresh. 


After receipt of the third step of the address, 
any subsequent digit other than A, B, C or D 
leads to a switching process. The relationship 
between a key and the process carried out is 
given in table 2. 


3; 
CIRCUIT 


To save on component count, the major part of 
the circuit employs GAL (Generic Array 
Logic) devices. These are building blocks 
which can be programmed by the user. As 
well as switching networks (the coupling of 
several inputs by logical operations), it is 
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possible also to realise switching functions 
(recursive networks, such as counters). 


Determining the function of the GAL is done 
with logical equations, which describe the 
relationship between input variables and the 
related output variables. With the relevant 
program and a suitable programming device, 
the GAL can then be programmed. 


3.1 Block diagram 


With the aid of the block diagram in Fig.1, the 
function of the complete circuit can be 
described. 


In the three boxes drawn dotted, the logic 
implemented in the GAL is to be found. In 
GALI (iC3) this includes an address com- 
parator plus a ring counter which is resettable 
via a Reset input. In the reset state Q1 is High 
and Q2 = Q3 = Q4 = Q5 = Low. 


In GAL2 (IC4) we have a binary counter, also 
resettable, this time via a Clear input. In 
addition to outputs Q1 to Q4, we have another 
set Q11 to Q14 which behave identically to 


Switch Status 


Switch 1: 
Switch 1: 
Switch 2: 
Switch 2: 
Switch 3: 
Switch 3: 
Switch 4: 
Switch 4: 
Switch 5: 
Switch 5: ON 

Switch 6: OFF 
Switch 6: ON 


Table 2: Relationship between DTMF 
key and the resulting switch 
condition 


Key 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
* 


oH: 
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Fig.2: Circuit of the DTMF Converter 
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Q1 to Q4 up to the stage where they can be 
made Tri-State by a Low signal on the Clear 
input. 


In GAL3 (ICS) there is an output register 
which, corresponding to the status of D0 to D3 
with a positive pulse edge on CLK, writes 
either a High signal or a Low signal to the 
switching outputs QO to Q5. Additional logic 
in this chip is represented by the logic 
symbols indicated on the diagram. 


The blocks MF1 to MF3 represent monos- 
tables. ICI is the integrated DTMF receiver 
circuit which writs a four-bit word on the Bus 
according to the tone combination received. 
A High signal on the STD-output of the IC 
indicates a valid data word, 


In the initial state after power is applied, 
3MHz clock pulses are present at the clock 
input of GALI, resetting the counter con- 
tinually since the Reset input is High. As a 
result Q1 (GALI) is High and the four-bit 
wide data word determined by the DIP-switch 
(DIP1) is applied to Bus 2. 


The word on Bus 2 is compared in the address 
comparator of GALI with the data word on 
Bus | carrying the DTMF values received. 


If the two data words are identical, then 
(assuming STB is High = valid data word) 
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| Fig.2a: 
Setting of the 
DIP-switches for 
card address 780 


ann 
WOOL) | 


S181 
DIGIT 3 


output MF1 goes to High potential. The rising 
edge of this signal triggers the following 
monostable MF1 for about 1 second to Low 
potential. With this the counter in GALI is 
cleared via its Reset input and the somewhat 
delayed positive pulse edge in MF2 sets Q2 
High and Q1 Low. 


The High potential on Q2 causes the data 
word on DIP2 to be transferred to Bus 2. If a 
valid DTMF data word from ICI arrives 
before MF1 has changed back to High, then 
MF1 is retrigered and Q3 in GALI changes to 
High potential. With this the data word from 
DIP3 is put on Bus 2. If no DTMF data word 
comes from IC! before MF1 goes High again, 
then the counter (GAL1) is reset. 


After receipt of the third valid signal the 
counter in GAL2 is cleared by its CLR input. 
At the same time the tri-state outputs Q11 to 
Q14 become active and transfer the counter 
status of the counter in GAL2 to Bus 2. 


The STB signal of the fourth DTMF data 
word effects an upwards count of the counter 
in GAL2 until the data words on Bus | and 
Bus 2 are identical. 


When both data words are identical, Q5 of the 
counter in GALI goes High on the positive 
pulse edge of MF1 (GALI). With this the 
register in GAL3 takes over the state of the 
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BS S58 6 & & RH 


S 
= 


{ql s= q4*/q5*/q2*/q1*/q3*/mfo 


+ q2*/qi*/q4*/q5*/q3*/meo 
+ ql*/q2*/q3*/q4*/q5*/mio 
+ q3*/ql*/q2*/q4*/q5*/mio 


q2 := ql*/q2*/q3*/q4*/q5*/mfo 
q3 2= /ql*q2*/q3*/q4*/q5*/mfo 
q4 = /ql*/q2%q3*/q4*/q5*/mfo 
g := /qit/q2*/q3*q4*/q5*/mfo 
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Fig.3: 

Connections and 
logical expressions 
for GAL1 (IC3) 


exl = /x0*/yO*/x1*/y14 /x0*/ yO yl 4x0*y0*/201*/y1+x0*y0Ax] ty] 
XZ = /R2K/y2K/xI*/YI4/X2*/ YORI AYIRDAYAA/ 3% / SHDN OARS AVS 


mfi = exl*ex2*stb 


qi := /ql*q2*clr + /ql*/q2*cir 
q2 := ql*/q2*clr + /ql*q2*clr 


q3 := /qlxq2*q3*clr + /q2*q3*clr + ql*q2*/q3*clr 
q4 2= ql*q2*q3*/q4*clr + /ql*q2*q4*clr + /q2*q4*clr 


+ {q3*q4*clr 
if (clr) 
qli = ql 
if (clr) 
q21 = q2 
if (clr) 
q3l = q3 
if (clr) 
q4i = q4 


qO := d3*/d2*d1*/d0*rst + q0*/d0*rst + qO*dl*rst 
+ qO*d2*rst + qO*d34rst 

ql := /d0*d1*/d2*/d3*rst + ql*/d0*rst + ql*/dl¢rst 
+ ql*d2*rst + ql*d3¢rst 

q2 = /dO*/d1*d2*/d34rst + q2*/d0*rst + q2*dl*rst 
+ q2k/d2*rst + q24d34rst 

q3 := /dO*d1*d2*/d34*rst + q3*/dd*rst + q3*/dl*rst 
+ q3*/d2*rst 4 q3*d3*rst 

q4 z= d3*/d2*/di*/d0*rst + q4*/d3*rst + q4*d2*rst 
+ q4*dl*rst + q4*/d0*rst 

qd := d3*/d2*dl*d0*rst + g5*/d3*rst + q5*/d2*rst 
+ q5*di*rst + q5*d0*rst 

takt1 = 3nc*stb 


takt = mfol*/infot3inc*nfo 


Fig.4: 
Connections and 


logical expressions 
for GAL2 (C4) 


Fig.5: 

Connections and 
logical expressions 
for GAL3 (IC5) 
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outputs Q1 to Q4 of the counter in GAL2. The 
data acquired controls one of the six outlets 
(Q1 to Q6) of the register in GAL3, according 
to the data word received, either to High or 
Low potential (table 2). 


The pulse on the clock input of GAL3, which 
transfers the state of the counter in GAL2 to 
the output register in GAL3, triggers monos- 
table MF3. The output signal of MF3, with a 
duration of about 2 seconds, can be used as a 
confirmation sign of a successful write pro- 
cess to the output register of the DTMF 
converter. 


The switching outputs of the register in GAL3 
are buffered by open collector inverter IC7 
(73LS05). 


3.2 Circuit diagram 


The complete circuit diagram of the DTMF 
converter is shown in Fig.2. The heart of the 
circuit is the DTMF receiver (IC1). This 
transforms the received audio signal into 
four-bit data words. 


The relationship between the received tone 
pair and the data word produced is given in 
table 1. The audio sensitivity of [C1 is set by 
the relationship of R4 to RS. 


The combination of R3 and C4 forms a time 
constant which determines the minimum time 
that a DTMF tone pair must be received in 
order to be recognised as valid. Security 
against false triggering by speech can be 
increased in this way. That said, even with 
very short time constants no false results were 
detected. 


The diodes Di to D12 on the DIP-switches 


SW1, SW2 and SW3 are to prevent short 
circuits between the switches. 
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4. 
PROGRAMMING THE GAL CHIPS 


A universal programmer is used for program- 
ming the GALs. With the relevant device- 
specific software the logical expressions can 
be transformed into a so-called fuse map. 
Since this software is different for every 
programmer, just the logic expressions and 
the connections of the GAL used are given 
(Fig’s.3, 4 and 5), 


The function of the GAL used is described 
clearly by the connections employed and the 
logic functions implemented. 


The symbol * is used here to indicate the 
logical AND function and + logical OR 
connection. The oblique slash of a term 
indicates its negation. The assignment opera- 
tor := indicates a combining output, i.e: a 
register output. 


= 
LAYOUT 


The layout of the circuit developed here was 
restricted to a size of 55.5 x 74mm, This was 
to enable the use of a commercial sheet-metal 
casing. 


Fig.6 shows the solder side of the PCB and 
Fig.7 the component side. In this compact 
construction form, all diodes, resistors and 
crystals are placed vertical. For setting the 
card address low-cost DIP-switches are sui- 
table. 


The connector strip ST1 carries the switching 
outputs, a ground connection and also the 
signal TX. The audio input is next to C3 
beneath IC1. Fig.9 gives an impression of a 
completed sample. 
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Fig.6: 

DTMF Converter 
Layout, solder side 


Fig.7: 
DTMF Converter 
Layout, component side 


Fig.8: 
DTMF Converter, 
component layout 
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Fig.6:A Constructed Sample 
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Drlag. Ralph Oppelt DL2NDO (ex DB2NP) 


? 


Universal 2:1 Economy Transformer 


for DC 
Part-2 (conclusion) 


3: 
SOME NOTES ON ASSEMBLY 


The assembly of the DC converter as per the 
board fitting plan in Fig.4 should in fact pose 
no problems, as long as a low frequency 
circuit is involved. 


A single-sided layout was chosen so that the 
board could be manufactured simply and 
cost-effectively. Four wire bridges must be 
taken into account for this, and it would be 
best to fit them first. 


Those wishing to make their own boards 
should use base material with a 70 um, Cu 
coating or should take an otherwise normal 
board with a 35 um. coating thickness and 
thickly tinplate the current paths in the 
switching section. 


The pin configuration of the ferrite core has 
been selected in such a way that, even if the 
core is rotated through 180 degrees, the 


connections fall back into their paths, so that 
fitting errors are impossible. As regards the 
other structural elements too, as far as possible 
only those of the same type have been 
selected, in order to avoid any chance of error. 


Thus, for example, almost all the resistances 
have the value 9k1 (10k is also possible), 
almost all the Zener diodes are 16V, almost all 
the capacitors (apart from the electrolytic 
capacitors) have a value of 100nF, and so on, 
which further increases the simplicity of 
assembly. 


Before using the equipment for the first time, 
it is recommended that you do not initially 
equip the MAX 626 driver and that you test 
the square wave signals at their inputs (pins-2 
and 4) if the converter is operated as a doubler 
and is powered by a U voltage of about 10V. 
You should then be able to measure two 
square waves, overlapping by about 2us, with 
a period of approximately 66us. 
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Fig.4: 


5.1. Notes on the components 


TltoT8: BUZ 11, BUZ 12 (Siemens) or 
equivalent BUK types from 
Philips 

T9: BC 238 or similar 

Alldiodes: 1N4148 or similar Si diodes 


All Zener diodes: 400m W types 

All resistors: 1/4 W, RM10 

Trl, Tr2: Ferrite core E 16/5 or L, 
material N27 (Siemens 
B66307-G-X 127) with coil 
bodies and clips: 3 * 80 Wdg., 
trifilar winding, 0.2 CuL 

Dr: Valvo FXC-3B-2.5 wide band 
chokes (six core) 
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Component Overlay for the Voltage Converter 


6. 
RESULTS ON SPECIMEN 
CONSTRUCTIONS 


For a practical trial, two specimen units were 
constructed, which differed only in their 
switching transistors. In one case the Philips 
type BUK453 was used, which essentially 
corresponds to the Siemens type BUZ10. In 
the other case, the low resistance Siemens 
type BUZL1 was used. 


Fig.5, then, shows the efficiency values 
obtained for these two specimens in doubler 
mode, with an output current of up to 3 A and 
an input voltage of 15 V. The measuring 
equipment used to determine currents and 
voltages was a 5 & 1/2 digit multi-meter with 
a basic accuracy of < 0.01%, The calculated 
curves from Fig.2 are shown here again for 


comparison. 
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The measured and the corrected curves are 
essentially similar. Of course the measure- 
ment brought out approximately 2 to 3% of 
values which were not so good. This is 
essentially due to the fact that in the calcula- 
tion the (unknown) losses of the capacitors 
were ignored and also all lines were assumed 
to be ideal. If a mere 0.16 ohms more are 
added to R in equation 4 and a slightly higher 
basic power loss is assumed, the corrected 
curves run practically along the exact path of 
the measured curves. 


Since only standard electrolytic capacitors 
were used in the specimen units, this mini- 
mum increase in the resistance can safely be 
taken as a starting point. If special (low ESR) 
switching network electrolytic capacitors are 
used (although they are several times dearer), 
the gap between the theoretical and the 
measured curves in Fig.5 proves to be 
significantly smaller. 


The measured static internal resistance - 
analogously to the discrepancy in the effi- 
ciency curves - is also approximately 0.16 
ohms higher than the value determined in 
part-1 as per equation 4, 


e 
Fig.5: 


Measured Efficiency in 
Doubler Mode at U = 
15V Input Voltage 
Square - fitted with 
BUK453 

(= BUZ10) 
fitted with 
BUZI1 

In addition, the 
associatec calculated 

| curves of Fig.2, for 
which, of course, ideal, 
loss-free capacitors were 
assumed, have been 
drawn in. 


b ae 


The basic power loss assumed in Fig.2, part-1 
is based on the following static current 
measurement (I, = input static current): 


Operation] U or 2U P. 

Doubler 100 mW 
Doubler 312mW 
Doubler 636 mW 
Bisector 100 mW 
Bisector 312 mW 
Bisector 636 mW 


The basic power loss, P,, is thus independent 
of the individual type of operation. As Fig.5 
further shows, the maximum converted power 
was approximately Since no cooling bodies of 
any type are provided, this power can, of 
course, be transferred only with the BUZ11 in 
continuous operation (up to I, = 3.5 A, i.e: P, = 
100 W), and the BUK453 also manages 
continuous output currents of approximately 2 
A. If cooling bodies are used, much higher 
output currents can certainly be obtained. But 
we then find ourselves in an area in which the 
efficiency becomes progressively worse, so 
that it makes more sense to use low-resistance 
MOSFETs instead. 
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7. 

APPLICATIONS AND FURTHER 
DEVELOPMENTS 


On the basis of the universal characteristics 
and the high efficiency of this ‘‘DC voltage 
transformer’’, there is an extremely wide 
range of applications, in particular for mains- 
independent power supplies, and thus any- 
where where accumulators, batteries or even 
solar energy cells provide the source of 
energy. We are thinking here of typical 
“‘tuning problems”’ in mobile radio, when, for 
example, a standard 12 V radio apparatus has 
to be used with the 6 V accumulator of a 
“*Trabbi”* or with the 24 V network of a lorry, 
or even, once, a 24 V final stage used with a 
12 V source. In each case, one and the same 
module can bring about the voltage conver- 
sion required. The power MOSFETs used 
merely have to be tuned to the maximum 
required output current. 


Of course, the voltage converter has other uses 
than as a doubler or bisector with a common 
negative pole. If, for example, point c in Fig.1 
is selected as common earth, the output 
voltage -U, between point b and the earth is 
available in operation as a bisector, i.e: you 
have a bisector with a common positive pole. 


Similarly, the voltage converter module can 
be used as an inverter, a symmetriser, etc. 
When it is operating as an inverter, point b in 
Fig.1 represents the common earth, so that a 
positive output voltage, U (from point c to b) 
is obtained from a negative input voltage, U 
(from point a to b), Thus both polarities are 
available. When the module is used as a 
symmetriser, as when it is operating as a 
bisector, make sure that only point b acts as 
the common earth. Thus, from the input 
voltage, 2U, we obtain the voltages +U and 
-U. The power loss ratios, of course, are 
completely different here to those for standard 
doubler or bisector operation. If, for example, 
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a purely symmetrical load is available when 
the module is being used as a symmetriser, 
there is practically no power loss in the 
switches. The power loss depends rather on 
the degree of asymmetry of the load. But these 
peculiarities were deliberately not examined 
more closely in part-1. 


For operation in the immediate vicinity of 
amateur radio installations, it is recommended 
that the board be built into a high-frequency 
tight housing in all cases, so that no reciprocal 
interference can arise due to beam effects. 
When solar power cells are connected, the 
usual protective measures should naturally be 
taken for the buffer accumulator (total dis- 
charge protection, reverse current interlock, 
etc.). Pay special attention here to ensuring 
that the module works in both directions! 


Electronic protection against battery reversal, 
short?circuits, over-voltage, etc. is naturally 
also conceivable. But it was decided not to go 
into these additional areas, because, in the first 
place, the switching scope increases and the 
construction costs go up with it, in the second 
place it always involves a certain loss of 
efficiency, and in the third place the need for 
one or another extension depends on the 
individual application. Individuals should 
decide for themselves whether they want to 
add this or that on externally. There are 
already sufficient examples of electronic 
protection circuits available in the relevant 
literature. 
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A Tracking Generator for the 
DBINV Spectrum Analyser 


In previous issues, a spectrum analyser for 
amateur use was described in these pages 
step by step. 


Some readers have now asked how far 
existing functions, such as a broad-band 
adjustable, although thanks to a connect- 
ible PLL, a more stable oscillator, calibra- 
ted tuning and sweep, together with digital 
image storage with print-out facility, can 
now be incorporated for a “*better’’ sweep 
generator. 


The result of this further development, a 
tracking generator for the 0 to 450 MHz 
frequency range, is described below. 


This provides a sweep test rig with a 
measurement dynamic range of more than 
60 dB and high stability, so that narrow- 
band sample objects such as quartz filters 
can also be measured. 


L 

LIMITS OF CONVENTIONAL 
SWEEP MEASUREMENT 
ENGINEERING 


If, for example, you want to investigate the 
frequency behaviour of a selective preampli- 
fier using a wobbulator, the procedure is as 
follows. The sweep generator is connected to 
the amplifier through an adjustable damping 
element (usually built into the wobbulator). A 
suitable detector is connected to the amplifier 
output and the detector’s DC signal controls 
the Y channel of the sweep display unit. With 
this process, you can come up against several 
problems which are not immediately 
apparent: 


™ The HF frequency selected should be low 
enough to ensure that the amplifier is not 
overloaded; an amplifier output level of 
between -10 and 0 dBm usually represents the 
limit. 


Cs 


DBINVON 


Saeple Object 
fy = 300 MHz 


Fig.1: 


= The output voltage of a diode detector in 
this range below -10 dBm is approximately 
proportional to the HF output, so that a level 
range of, at best, only 20 dB is displayed on 
the display unit. Even using ‘‘logarithmic 
amplifiers’’ between the detector and the 
display unit scarcely extends the range of 
signal detection to below -50 dBm. 


= The wide-band detector can not differen- 
tiate between the useful signal and the 
harmonic waves or interfering signals stem- 
ming from the wobbulator or from the sample 
object, which leads to errors in measurement. 


These deficiencies can be avoided if you use a 
superheterodyne receiver as a detector which 
is tuned synchronously with the wobbulator. 
Since the receiver can attain a sensitivity of 
-100 dBm without difficulty, you can work 
with low signal levels. Nevertheless, a mea- 
surement dynamic range of over 60 dB is 
possible, and the measurement receiver does 
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The Spectrum Analyser and Tracking Generator 


not allow any false measurements due to 
harmonic waves and spurious emissions to 
arise in the signal. 


A spectrum analyser can be recommended as 
a measurement receiver, since it can already 
provide all the operator functions which the 
sweep test rig requires. Defined adjustment of 
the central frequency and the sweep width is 
available, the amplitude scale is dB linearly 
calibrated, the measuring band width and the 
sweep speed are adjustable, and the high 
stability of the oscillators allows narrow-band 
filters to be measured as well. For these 
reasons, many analysers are equipped, inter- 
nally or externally, with a following transmit- 
ter which transmits on the reception fre- 
quency, in order to allow additional sweep 
measurements. 


The sole disadvantage of this measurement 
technique is that frequency conversion cir- 
cuits can not be measured without additional 
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Fig.2: Block Diagram of the Tracking Generator 


facilities. For this purpose, an adjustable 
frequency offset would also be necessary 
between the transmitter and the receiver. But 
this function is only available from the newest 
test rigs, ¢.g: spectrum analysers from Rohde 
and Schwarz. But the amateur can usually 
manage without this function. 


The following section describes the basic 
structure of a tracking generator. 


2. 
STRUCTURE AND USE OF A 
TRACKING GENERATOR 


The tracking generator’s job is to generate a 
signal which corresponds exactly to the 
reception frequency of the analyser. We must 
take into account here that for large sweep 
widths the first oscillator of the analyser is 
swept, while for small sweep widths it is the 
second oscillator. Thus both oscillators must 
be brought into the frequency processing in 
suitable fashion. 


The solution proposed here represents the 
exact opposite of the frequency processing 
used in the analyser. Initially, a 10.7 MHz (f,) 
quartz oscillator is mixed with the second 
oscillator (at 455 +/-2 MHz)fi gp and the total 
frequency is amplified. The total frequency of 
465 MHz corresponds to the first intermediate 
frequency of the analyser. This signal is mixed 
with the first oscillator of the analyser, f[o} 
(from 465 to 915 MHz) and the difference is 
low-pass filtered and amplified, so that the 
generator signal corresponding to the input 
frequency is generated. Fig.1 shows a greatly 
simplified version of the spectrum analyser 
and the tracking generator operating together, 


This circuit engineering sounds simple. But 
on closer observation some pitfalls appear 
which have to be evaded through the circuit 
engineering and the structure: 


= The difference in levels between the input 
sensitivity of the analyser and the output 
power of the tracking generator amounts to 
about 100 dB, so careful screening and 
choking are an absolute must! 
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= The 10.7 MHz from the quartz oscillator 
can teach the intermediate frequency section 
of the analyser through the mixer of the 
tracking generator and generate a basic signal 
there. A separator stage for the 455 MHz 
signal with increased reverse damping is of 
assistance here. 


= The intermediate frequency of the 465 
MHz tracking generator can cut across the 
second mixer of the generator and the first 
mixer of the analyser, which is also expressed 
by a restriction of the dynamic range. A low 
pass at the generator output with a trap for 465 
MHz solves this problem, 


= Similarly, the first LO of the analyser can 
cut across the second mixer of the tracking 
generator and appear at the output. A low pass 
at the output can be of assistance here, too. 


= Since the signal levels involved continu- 
ously fluctuate during the operation of the 
analyser, automatic volume control should 
also be provided to keep the input level 
constant at, for example, 0 dBm. 


A suitably expanded block wiring diagram for 
the tracking generator is shown in Fig.2. This 
includes the ancillary stages just described, 
together with the most important amplifica- 
tion and level values. There now follows a 
brief description of the detailed circuit built up 
in Fig.2, 


AF 
THE CIRCUIT IN DETAIL 


Fig.3 shows the circuit of the tracking 
generator in detail. The 10.7 MHz oscillator 
constitutes the input point of the circuit. This 
is a Clapp oscillator with T1 as the active 
element. In order to attain a large pull-in 
range, the quartz is operated in series with a 


o 
series oscillatory circuit (L6 and 33pF). 
Deviations from the average frequency of the 
quartz filter can thus easily be caught. The 
transistor, T2, a BFW92, amplifies the oscilla- 
tor signal by about 5 to L0mW and operates 
the ring mixer, M1. At this point, any standard 
ring mixer, similar to an TE500, such as, for 
example, an Anzac MD108, or an M18 from 
R &K Laboratories can be used. 


The signal picked up from the second oscilla- 
tor of the analyser is at the intermediate 
frequency input of the mixer. Decoupling 
requires a MosFET stage in the form of a 
narrow-band circuit with T3. The amplifica- 
tion of this separator stage is close to 1 and 
can be adjusted using the gate 2 circuit, which 
is used for the volume control to be described 
below. 


The filter at the output of the mixer, M1, 
allows only the total frequency from the 
quartz oscillator and the first oscillator to pass 
through. Here the same 10H3-460 helix filters 
are used as in the intermediate frequency 
section of the analyser. In order to obtain the 
necessary amplification in a single stage, the 
subsequent amplifier, T4, is fitted with the 
Avantek AT41485 transistor. The 10 ohm 
resistance in the basic circuit suppresses 
parasitic oscillations in the GHz range, which 
usually make themselves noticeable merely as 
too low an amplification of the stage. 


An additional helix filter is provided between 
the amplifier and the second M2 mixer and 
guarantees the necessary freedom from spuri- 
ous emissions for the intermediate frequency 
signal. The amplification of the 465 MHz 
intermediate frequency amplifier between the 
first and the second mixers is 15 dB. 


The task of the second mixer is to form the 
differential frequency between the tracking 
generator intermediate frequency and the first 
oscillator of the analyser. To this end, the 
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intermediate frequency of 465 MHz is fed in 
at the radio frequency input of the mixer and 
the differential frequency is fed out from the 
pulse frequency output. The oscillator signal 
from the analyser (level approximately -10 
dBm) is amplified in two stages by about 20 
dB before reaching the mixer, M2. In order to 
make the additional construction easier, two 
integrated high frequency amplifiers are used 
for the purpose, namely the MAR-7 from 
Mini-Circuits in the first stage and the more 
powerful MSA 1104 from Avantek in the 
second stage. The mixer, M2, is an SRA 220 
from Mini-Circuits or an MS87 from Tele- 
Tech. 


The second mixer is followed by a damping 
element and a low pass filter with a limiting 
frequency of 450 MHz. The filter is equipped 
with ready-made coils from Neosid, which 
guarantees a repeatable filter characteristic. A 
single helix circuit which increases the filter 
flank gradient is connected up at the filter 
input. 


The output signal of the tracking generator is 
already available at the filter output. A 
two-stage broad-band amplifier (TS and T6) 
raises the level to about ImW. Because of the 
frequency characteristic of components and 
the fluctuating oscillator level of the analyser, 
the output level of the tracking generator is 
not stable enough without additional regula- 
tion. So the high frequency voltage is mea- 
sured at the collector by T6 using D3, and 
compared with a DC voltage fed to P1 through 
the automatic volume control amplifier, 13. 
The output from 13 is controlled by the gate 2 
voltage of the buffer transistor, T3. 


The high frequency voltage at the collector is 
thus maintained constant through the control 
circuit with I3 and T3, This means that the 
high frequency output resistance of T6 in the 
operating range for control is almost zero. If 
the sample object to be energised is connected 
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via a 50 ohm resistance, it seems to be a 
perfectly tuned signal source. Then since only 
half the collector voltage is applied to a tuned 
sample object, the circuit described would 
lead to a compromise being struck between 
tuning and the output power available, and the 
33 ohm series resistance would be selected. 
The VSWR of the source is thus still better 
than 2, This trick can also be found more often 
in commercial sweep generators, the aim 
being to enhance the output power. 


4. 
ASSEMBLY AND CALIBRATION 


With regard to the assembly of the structural 
components of the spectrum analyser also, the 
principle is that, as far as possible, only the 
elements listed should be used, so as to avoid 
mechanical and electrical problems. In parti- 
cular, the use of other filters and coils makes 
tuning work unavoidable. The parts list below 
gives the precise references of the elements in 
question. 


4.1. Components 


Semiconductors: 

Tl: BF 324 (Siemens, Philips) 

Te; TS: BFW 92 (Siemens, Philips, 
Motorola) 

T3: BF 960 (Siemens) 

T4: AT4185 (Avantek, BFI works 
in Eching) 

T6: BFR 90 (Siemens, Philips, 

Motorola) 

DiI: BZV46C1V5 (Philips) 

D2: ZPD6.2(ITT) 

D3: HSCH 1001 (Hewlett-Packard) 

Tl: MAR-7 (Mini-Circuits) 

22: MSA 1104 (Avantek) 

13: LM358 (various manufacturers) 
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Mixers: 
M1: TE500, M18 or other standard ring 
mixers up to 500 MHz 
M2: SRA220, MS87 or other ring mixers up 
to 1.5 GHz 

Coils/transformers: 

Fil, Fi2: 10H3-460 helix filter 
(Tele Quarz) 

Fi3: 514435 helix circuit, 464 MHz 
(Neosid) 

L1,L5: 514831 21 nH ready-made coil 
(Neosid) 

L2,L3,: 511631 35 nH ready-made coil 

L4 (Neosid) 

L6: 25 Wdg 0.15 CuL on 7F1S kit 
(Neosid) 

UI: 2 x 2 Wdg 0.15 CuL on FB101-43 
ferrite bead (Amidon) 

U2: 2x4 Wdg 0.15 CuL FB101-43 on 
ferrite bead 


As regards the passive components, attention 
should be paid only to small moder structural 
forms. Some resistances are designed for grid 
5mm. HFC’s (‘‘hard-to-fit components’’) can 
be dispensed with. 


With regard to the assembly and calibration, 
apart from a multimeter and an oscilloscope 
with a band width of approximately 20 MHz, 
a sweep generator (0 to 500 MHz) is required 
for the 455 to 465 MHz ZF and the low pass 
calibration. It is best to approach the assembly 
step by step, checking the individual stages as 
you go. 


Since the DBINVO11 printed circuit board is 
coated on both sides for screening reasons, 
before the components are fitted the com- 
ponent bores must be drilled to give a 
clearance using a 3mm drill. This does not 
apply to the earth connections of the com- 
ponents, which are soldered to the top or 
bottom of the printed circuit board. These 
points are marked with a cross on the fitting 
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plan (Fig.4). Before beginning work on the 
assembly, it is recommended that you read 
through the following paragraphs carefully. If 
you move too fast, you may find yourself 
having to desolder one or two components 
when you get to the calibration! 


It is best to start the assembly with the quartz 
oscillator, the first step here being to wind the 
pull-in coils L6 and the broad-band transfor- 
mer U2. The winding data can be found in the 
parts list. As regards the fitting, you merely 
have to pay attention to mounting T2 cor- 
rectly. It is inserted into a 5mm bore in the 
printed circuit board, with the markings facing 
down. 


The M1 ring mixer is not fitted initially, but 
instead a 47 ohm resistance is incorporated 
from connection 1 to earth and acts as a 
terminal resistance for the oscillator signal. If 
a test is now carried out in which the 
operational voltage of 15¥V is applied, a high 
frequency level of approximately 2Vss should 
be measured at the terminal resistance. 


You should also check that the oscillator 
swing does not become intermittent when the 
core of L6 is fully rotated. The pull-in range of 
the oscillator can be determined using a 
frequency counter. It will be about 20 kHz. 


Next you construct the buffer stage with T3. 
The dual-gate MosFET should also be fitted 
into a bore in the printed circuit board, only 
here the markings side points upwards and the 
source connection (thicker terminal lug) 
points towards the M1 mixer. 


In winding the repeating coil, U1, make sure 
both part windings are cleanly drilled. Other- 
wise, the buffer stage amplification is too low. 


The operation of the buffer is tested using the 
sweep generator at 455 MHz. The throughput 
amplification from the ‘‘2nd oscillator’’ input 
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Fig.5: 


to connection 3 and 4 of the M1 mixer is at 
approximately | if about 4V are applied to 
gate 2 of T3. It can be reduced to almost 0 if 
the gate-2 voltage is reduced. 


Following the buffer stage, the intermediate 
frequency amplifier is fitted for 465 MHz. To 
this end, six earth bores are drilled out to 


A specimen of the DBINVO11 Tracking Generator 


approximately 1.7mm for each helix filter, 
and a 2.5mm bore is drilled out for T4. The 
helix filters are soldered to the earth lugs 
above and below. A sufficiently large solder- 
ing iron should be used for this. The author 
used a temperature-controlled 50W soldering 
Station. 


@ 


The transistor, T4 (AT41485) is positioned on 
top of the printed circuit board with the 
markings side up and the (barely recognis- 
able) triangle of the base marking pointing 
towards the pull-in coil, L6. For the calib- 
ration, the sweep generator is energised at 
point 8 of the first mixer, M1, and the 50 ohm 
detector comes to connection 1 of the second 
mixer. When the supply voltage is switched 
on, the response curve of the intermediate 
frequency amplifier is to be set to an average 
frequency of 465 MHz and best symmetry, 
with a flat ‘‘roof’’ with a band width of about 
5 MHz. This gives a throughput amplification 
of approximately 15 dB. 


The mixer, M1, is then soldered on (don’t 
forget earth through plating at connections 2, 
5, 6 and 7) and the wobbulator is connected to 
the input for the second oscillator (point 1). 4 
V is again applied to gate 2 of T3. Tuning to 
455 MHz now gives you the entire sweep 
curve as before, only with approximately 10 
dB less amplification. 


As regards the assembly of the amplifier for 
the first oscillator of the spectrum analyser, it 
is merely necessary to pay attention to the 
correct incorporation of Il and [2. Both 
integrated circuits are fitted to the bottom 
once suitable bores have been drilled, the 
earth connections being soldered tightly to the 
housing and bent upwards and soldered to the 
top of the printed circuit board. The housing 
mark on II (violet spot) points towards point 2 
and the mark on 12 (button) points towards the 
mixer, M2. The mixer, M2, has not yet been 
fitted! 


As regards the assembly of the low pass filter, 
attention should be paid to correct coil fitting. 
The Neosid coils used can be distinguished 
only by the colour of the coil body (visible in 
the core aperture). The 21nH coils are green, 
the 35nH coils yellow and the helix circuit 
blue. After incorporation, the brass cores from 
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L2 to LS are screwed in completely, with L1 
in the middle. Two capacitor positions, 
marked on the fitting plan as Cx and Cy, 
remain free in the vicinity of the filter. 


The amplifier transistors, T5 and T6, are again 
inserted into suitable bores with the markings 
side down, The low pass and the amplifier are 
calibrated using a wobbulator at connection 3, 
powered by M2. The detector comes to the 
output of the tracking generator, point 3. A 
low pass response curve with a limiting 
frequency of approximately 460 MHz can be 
seen on the display screen. The precise form 
of the curve depends on the position of the 
core in filter Fi3. The core is adjusted using a 
non-metallic tool so as to obtain a flank which 
drops steeply at 450 MHz. The amplification 
of this part of the circuit will amount to 
approximately 20 dB. 


The mixer, M2, is inserted last, and the entire 
printed circuit board is soldered into a suitable 
tinplate housing. Fig.5 shows a fully-fitted 
printed circuit board which has not yet been 
built into a screening housing. For the high 
frequency supply, the author used Subvis 
sockets, with the operational voltage being fed 
from | to 10nF through a feed-through 
capacitor. Fine calibration is not undertaken 
until after incorporation into the analyser. 


3. 

INCORPORATION INTO THE 
SPECTRUM ANALYSER AND 
FINAL CALIBRATION 


As regards connecting the tracking generator 
up, the outputs for the first and second 
oscillators are retrofitted first. The first oscil- 
lator can be tapped from the ‘*LO out”’ socket 
provided in the DBINV007 assembly if the 
resistance divider 560/68 ohm is altered to 
330/68 ohm. If you have not incorporated this 
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Fig.6: 

Working example: 
a Weather Satellite 
Quartz filter 
10.7MHz; 

X = 20kHz/division 
Y = 10dB/division 
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Fig.7: 
Working example: 
a Helix filter for 


Ce 
output yet, the additional sockets and the two 


resistances can easily be housed directly at the 
output of Tl (BFG96). 


As regards the tapping of the second oscillator 
in the DBINV007 assembly, a resistance 
divider with 330/68 ohm is connected to the 
6pF trimmer/damping element connection 
point, so that the decoupled oscillator level is 
approximately -10 dBm. If the second oscilla- 
tor has already been converted into a ceramic 
resonator, the tap point lies at the cold end of 
the coupling coil, Ll, which leads to the 
damping element. 


As already mentioned, the output level of the 
tracking generator is about 100 dB above the 
input sensitivity of the analyser, which makes 
extreme demands on the reciprocal screening 
for direct incorporation. The author himself 
was unable to obtain complete decoupling 
using double-screened cables, and needed the 
assistance of a switch, which switched the 
tracking generator on only when it was 
needed. 


For test commissioning, the cable connections 
are manufactured and the potentiometer, PI, is 
set on the left-hand stop. An oscilloscope is 
connected to pin-2 of the control amplifier, 13, 
(through a 10:1 probe). The output of the 
tracking generator (point 3) is terminated in 
50 ohms and the spectrum analyser is to be set 
to the 200 kHz band width and the 0 to 500 
MHz display width. A right-angled line with 
indentations and a more or less flat top 
appears on the screen. Pi is now turned to the 
right until the top becomes flat and only the 
indentation at the frequency ‘‘O”’ remains (the 
zero mark on the analyser screen). 
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The tracking generator output is now connec- 
ted to the analyser input and the first oscillator 
is disconnected. The level now shown on the 
screen is the remainder of the 465 MHz 
intermediate frequency of the tracking genera- 
tor, which passes through the second mixer, 
the low pass filter and the output amplifier, 
and thus arrives in the analyser. This signal 
can be brought to a minimum by calibrating 
the 465 MHz trap, Fi3. 


The first oscillator should then be reconnected 
and an average frequency of 100 MHz should 
be applied to the analyser, with a display 
width of 50 kHz/cm. and an intermediate 
frequency band width of 1 kHz. Use the 
pull-in coil, L6, to trim the analyser display to 
a maximum. If this does not succeed, the 
frequency displacement between the quartz 
filter of the analyser and the quartz, Q1, is too 
great, and QI should be exchanged for 
something more suitable. You can usually 
find something suitable in stripped-down 
quartz filters. 


Once this calibration has been successfully 
completed, the final assembly can be carried 
out. 


Finally, Fig’s.6 and 7 show two filter response 
curves recorded using the tracking generator. 
In Fig.6, the well-known QF10.7-30 quartz 
filter for weather satellite receivers was 
measured at a display width of 20 kHz/ 
division and a level scale of 10 dB/division. 
As can be seen, the filter tuning was not quite 
right. Fig.7 shows the behaviour of a 
three-circuit helix filter for 435 MHz, with a 
10 MHz/division display width and a level 
scale of 10 dB/division. 
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Walter Zwickel OE2TZL 


o 


A Marker Generator for 1OMHz 


and 1MHz Markers 


Marker generators are still used for all 
sorts of purposes, even today, in the age of 
the low-priced frequency counter. For 
spectrum analysers or sweep signal 
generators, for example, or to be able to 
check the accuracy of the frequency in 
receivers without electrical intervention. 


The present article describes a simple 
circuit, which does not need costly calib- 
ration, and yet produces thoroughly usable 
data: 10-MHz markers between -40 and 
-60 dBm in a range between 10 and 900 
MHz, 1 MHz markers between -55 and -65 
dBm in a range between 1 and 300 MHz. 
Naturally, markers can still be indicated up 
to significantly higher frequencies, but the 
amplitudes decrease sharply. 


I. 
FUNCTIONAL DESCRIPTION 


A 74LS00 functions in a known manner as a 
quartz oscillator at 10 MHz (Fig.1). Naturally, 
the relatively high quartz stress through the 
simple oscillator circuit brings with it a certain 
ageing of the quartz, However, in this 
application the highest levels of frequency 
constancy are not required. But, on the other 
hand, a high-constancy 10 MHz signal with a 
TTL level can easily be fed in to take the place 
of the oscillator. 


In the later 74LS690, the frequency is divided 
by 10, so as to generate markers at 1 MHz 
intervals as well. The two-way switch selects 
one of the two markers using the open 
collector technique. 


The later NAND gate in the advanced 
low-power Schottky technology, a 74ALS00, 
has a very short gate transit time, and aims to 
produce a delay in the region of a few 
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nanoseconds, which can be adjusted, within 
limits, using the 10pF trimmer. This type of 
delay has led to better results than using 2 or 3 
gates. 


In the last gate, the delayed signal and the 
direct signal are combined to form a very 
short spike pulse. The skirt gradient decides 
the harmonic wave spectrum! 


To obtain the highest possible limiting fre- 
quency, a 74ALS00 must be used, or, if 
applicable, even a 74F00. 


Behind the last NAND gate, a compensated 
voltage divider provides an initial voltage, 
halfway independent of the frequency, which 
is tuned to 50 ohms. A 7805 voltage controller 
provides the four TTL integrated circuits. 


2. 
ASSEMBLY 


To keep the cost low, the development of a 
circuit board was dispensed with, since things 
move just as fast with a single-sided coated 
epoxy board. 


Here the coated side is used as a continuous 
earth surface, since we are always dealing 
with frequencies in the UHF range here. The 
small number of connections are made on the 
underside, using thin wire. No mountings 
should be used. 


Make sure the lead cable is as short as 
possible, especially in the section around the 
T4ALSO0. 


e 


The obvious idea of using the remaining gates 
of the 74ALS00 for the oscillator, in order to 
save the need for an integrated circuit, can not 
be recommended, for two reasons. Firstly, 
using this type of equipment involves a 
considerable increase in the quartz stress, 
andsecondly connections within the integrated 
circuit lead to a sharp drop in the upper 
frequency limit. 


3. 
CALIBRATION 


First, the exact quartz frequency of 10 MHz 
must be set on the 20pF trimmer, either by 
monitoring the zero beat frequency on the 
short-wave receiver using one of the known 
normal frequency transmitters such as WWV, 
or by means of the frequency counter, which 
is connected to pin-6 of the 74LS00 through a 
small coupling capacity of approximately 
1OpF. 


With a spectrum analyser, the two trimmers 
can be calibrated alternatively at the start to an 
amplitude spectrum of 10 MHz markers as 
constant as possible. If no spectrum analyser 
is available, the following trimmer setting is 
also adequate: 10pF trimmer to centre, SpF 
trimmer almost tumed off. 


The complete little unit comes in a metal 
housing, with two InF feedthrough capacitors 
for the two-way switch. This is extemally 
mounted, as it feeds in only DC, Any sockets, 
such as SMA, SMC or BNC, can be used for 
the HF output. 


Walter Zwickel OE2TZE 
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Expanding the DBINV 
Spectrum Analyser to 2GHz 


Many people building on the very well 
thought-out DBINV analyser have cer- 
tainly already bemoaned the measurement 
gap in the range between 500 and 1,000 
MHz. In order to help get round this, a 2 x 
VCO has been developed, which is capable 
of providing a power level of almost 10 
mW in the 1000 - 1500 MHz range. 
Provided the first mixer is good enough, 
the 1500 - 2000 MHz range can also be 
covered using the image frequency. 


di 
CIRCUIT DESCRIPTION 


Only the standard components familiar to the 
average amateur were available to develop the 
circuit. So it was clear from the start that 
trade-offs would have to be taken into account 
with regard to the technical data of the VCO. 
But these disadvantages in no way resulted in 
unstable tuning behaviour, still less in reverse 
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tuning. Certain variations over the frequency 
range, which affected only the amplitude 
constancy, could be accepted, as long as it was 
ensured that the diodes in the ring mixer were 
controlled in a sufficiently advanced manner. 


Countless experimental expansions were 
undertaken in the search for the most suitable 
tuning diodes and the most favourable oscilla- 
tor transistor (T2). Surprisingly, a standard 
UHF type, namely the BF979, gave the best 
results, provided it was subjected only to a 
weak load initially. This could be achieved 
using the highly-amplified BFG 96 (Fig. 1). 


This explains the unusual decoupling at the 
oscillator transistor - direct decoupling at the 
emitter would require minute capacities and in 
addition impair the amplitude response. 


The oscillator booster amplifier (T3) was 
taken over in its entirety from the original 
construction instructions. It should be noticed 
here that the BFG96 DC amplification pro- 
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duces a high level of diffusion. For this 
reason, the basic divider should be dimen- 
sioned in such a way that a collector zero 
signal current of approximately 30 mA is 
flowing (A mode). 


The chokes proved to be very critical. They 
were developed on a 2.5mm drill and sub- 
sequently somewhat stretched, so that a 
winding interval correspondingly approxi- 
mately to the wire thickness arose. 


L1 acts as a (lambda)/2 circuit, which is tuned 
on both sides. This is the only way to attain the 
required stroke of 500 MHz. 


Initial fears of too much phase jitter with this 
circuit proved to be unfounded. Freely oscil- 
lating, it lies at about 50 kHz - only if the 
tuning voltage supplied is hum-free and 
low-resistance, of course. When connected to 
the FLL, this VCO is even somewhat better 
than the original VCO. This is probably the 
result of the relatively narrow tuning width. 


The SDA2211 was used to divide by 64, as it 
operates reliably up to 1.7 GHz and consumes 
less current than the 4211, 


The FLL and PLL no longer operate reliably 
at a maximum output frequency of 23.5 MHz. 
For this reason, a 7474 was mounted inside 
the actual VCO housing to divide by 2. 


The compensating resistances in the current 
supply are no luxury. Even in industrial 
circuits, the same sin is committed here time 
and again, Because of the extremely low 
dynamic internal resistance of good tantalum 
electrolytic capacitors, these are often des- 
troyed when the apparatus is switched on. 


Damaged tantalum electrolytic capacitors will 


be a thing of the past if you take this tip to 
heart. 
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Dc 
ASSEMBLY INSTRUCTIONS FOR 
VCO 2 


An additional DBINV007 board proved use- 
ful in assembly, making it possible to build up 
a frequency divider, an ECL converter, a 7805 
and a 7474 without any problem. The board 
can be sawn off on the left of the first row of 
integrated circuits. 


The VCO 2 is built up on the fully-coated 
surface just as easily as in the original 
assembly instructions. Only the layout of the 
modules will be different, as would be 
expected. Fig.2 provides a view of the layout 
of the VCO with the booster amplifier. 


Make the module connections the very shor- 
test possible, on account of the higher 
frequencies. After soldering, there must be no 
wires left visible in the vicinity of the 
capacitance diodes, the base and the emitter. 
Only thus can you be sure of attaining the 
upper frequency limit of 1500 MHz. 


The proposed structure must be adhered to in 
the vicinity of the PIN diode switch as well. 
Noticeable lengths of wire here will be 
reflected in too low an output power, and also 
in wide variations in power over the range. 


The decoupling capacitor can be a small 
100pF capacitor with extremely short wires or 
a chip format. Use an ohmmeter to check 
whether a connection is present through this 
capacitor before hooking up to the mixer 
assembly. 


This measure can save the expensive ring 
mixer! 
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2.1. Parts list 

Semiconductors: 

TE BF 970 

TZ: BF 979 

Ts: BFG 96 

Di: BB 405 

D2: BB 405 

D3: BA 379 

D4: BA 379 

Inductors: 

Li: 10 mm. CuAg; | mm. dia., 4 mm. 
over earth 

E2; 5 mm. connection wire of 220-pF 


capacitor 4mm. from LI 


Dri: 2.5 Wdg. on 2.5-mm. pin; 0.4 mm. 
Cu alloy, loosely wound 

Dr2: 3 Wdg. on 2.5-mm. pin; 0.4 mm. 
Cu alloy, loosely wound 

Dr 3: 5 Wdg. on 2.5-mm. pin; 0.4 mm. 
Cu alloy, closely wound 

Capacitors: 

4 1 nF/50 V discs, not wired up 


All other capacitors: ceramic RM 2.5 
Electrolytic capacitors: Tantalum 16 or 25 V 


Trimmers: 
Tri: 5 pF Teflon (SKY) 
Tr2: 5 pF Teflon (SKY) 


Resistors: 
Both 100 ohm in the 15-V supply: 1/3 W 
All others: 1/8 or 1/10 W 


Other Components: 

1 DB 1 NV 007 board 

l tinplate housing, 54 x 148 x 30mm 
(or shorter) 

3 SMA, SMC coaxial sockets 

2 nF feed-through capacitors 

1 telay 


ae 
CALIBRATION 


The VCO 2 can easily be calibrating using the 
analyser already constructed in the 1000 - 
1500 MHz range. For this purpose, a damping 
element of at least 10 dB, suitable for this 
range, should be inserted. The tuning voltage 
is then generated by an external 30 volt power 
source via a 4.7k potentiometer. 1500 MHz 
should be reached at 27 volts maximum, 
otherwise L1 should be shortened by Imm, or 
the structure should be checked for over-long 
connecting wires! 


Trimmer 1 is calibrated at the most constant 
amplitude possible, and trimmer 2 at the 
maximum output power. Trimmer 1 will 
probably have to be almost turned off. This is 
normal. The only way to improve the adjust- 
ment would be by using an expensive 
microwave trimmer. 


Should the output power vary by more than 
5 dB over the range between 1000 and 1500 
MHz, choke 1 can be given half a winding 
more or less as an experiment, depending on 
whether the smaller power level is at the top or 
the bottom end of the band. In the sample 
apparatus, it was possible to reduce the 
oscillation to 3 dB (5 - 10 mW). If these 
results are achieved, the DBINV assembly 
can be modified, and the new VCO can be 
incorporated into the analyser. This makes 
available a measuring apparatus which can be 
used up to 2 GHz without any gaps. 


4. 
MODIFICATIONS TO THE 
DBINV007 MODULE 


In the original VCO module, the line from the 
ECL level converter to pin-1 of the 74HC00 
has to be interrupted and connected through a 
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small relay. Thus the divider output from 
VCO1 or VCO2 can be fed to the 74HCO0 
pin-1 as desired, depending on the frequency 
range in the circuit. The line from VCO 2 to 
the relay input must naturally take the form of 
a coaxial cable. The control voltage for the 
relay can be drawn directly from the control 
voltage of VCO 1. 


In VCO 1, the decoupling capacitor must be 
removed and replaced by a thick wire bridge 
so that the PIN diode switch can operate. In 
addition, the VCO 1 must be insulated from 
the normal +15 volt supply and must have its 
own operating voltage supplied through a 
feed-through capacitor, 


In the specimen apparatus, a 4-step range 
selector switch was mounted on the front 
plate. This switch must switch only the 
operating voltage of +15 volts for whichever 
VCO is required, Four voltage dividers are 
also switched through this switch so that the 
LCD module can have a display with the 
correct frequency. 
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Fig.2: 
Layout of the critical 
components of the second 


VCO mounted ona 
DBINV007 Printed Circuit 
Board 
yoo4 
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Pr, Volker Grassmann DFSAT 


Incoherent Scatter: 


Principles and Applications 


Classical electrodynamics teaches that a free 
charged particle is accelerated in an electro- 
magnetic wave field and excited to radiation, 
the emission (in the non?relativistic case) 
being of the same frequency but in other 
spatial directions with respect to the incident 
wave. This process can also be interpreted as 
scattering of the incident wave (Thomson 
scattering), with a backscattered cross-section 
allocated to the charged particle as scatter 
body. The ‘‘Thomson scattering cross-sec- 
tion’’ for electrons is of the order of magni- 
tude of 107 cm. 


In 1958, Gordon proposed that scatter experi- 
ments, using radar, be attempted on the 
electrons present in the ionosphere (2), the 
technical feasibility being demonstrated by 
Bowles in the same year (1). 


In this article, the basic physical principles of 
incoherent scatter are clarified, using the 
example of the European EISCAT installa- 
tion. In contrast to ionospheric echo sounding, 


the VHF and UHF incoherent scatter radar 
units make measurements possible in all 
height ranges of the ionosphere and supply 
numerous parameters for descriptions of the 
temporal and spatial changes in the ionos- 
phere. 


1. 
THE EISCAT INSTALLATIONS IN 
NORTHERN SCANDINAVIA 


There are seven incoherent scatter installa- 
tions in the world altogether. Two particularly 
powerful radar systems are operated north of 
the Arctic Circle by the European Incoherent 
Scatter Association (EISCAT). The organisa- 
tion represents a joint scientific effort by 
several countries: Finland, Norway, Sweden, 
Great Britain, France and Germany. 


The EISCAT system consists of a transmitter/ 
receiver installation in Tromso, in Norway, 
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Fig.1: 


The 32M Parabolic Mirror with Cassegrain Exciter at the EISCAT 


receiver Station in Sondankyla, Finland. Systems of similar construction 
are located in Troms6, Norway and in Kiruna, Sweden. An aerial gain of 
48 dB is achieved at the operating frequencies around 931 MHz. The 
width of the main lobe is 0.6°. (Photograph DFSAD. 


and two receiver stations, one in Kiruna 
(Sweden) and one in Sodankylae (Finland). 
The transmitter’s peak power is 1.7 
megawatts at 931 MHz. Each of the three sites 
has a 32M. dish aerial (Fig.1). The installation 
in Kiruna is not unknown to radio amateurs, 
for the dish aerial there has already been used 
for EME purposes (6). 


The 224 MHz VHF installation is also in 
Tromso. At the moment, the transmitter is 
being used with a peak power of 1.5 
megawatts, and the final transmission power 
will be 4 megawatts. A dish cylinder aerial 
measuring 120M x 40M is available as 
transmitter and receiver aerial. The table 
below shows the most important system 
parameters for both installations. 


The interest in the observation stations in the 
far North stems from the peculiarities of the 
polar ionosphere. The lines of the earth’s 
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magnetic field traverse the ionosphere at 
much steeper angles in Northern latitudes 
than, for example, in equatorial latitudes. Thus 
these field lines penetrate more deeply into the 
magnetosphere, which leads to numerous 
phenomena which are rarely or never met with 
in equatorial latitudes, 


It may be worth mentioning that the heating 
installation of the Max Planck Institute for 
Aeronomy is also being operated in Tromso. 
Twelve powerful short-wave transmitters 
(each with a continuous power of 120 kW) 
bring about the active modification of the 
ionospheric plasma. 


Some of the effects triggered by this can also 

be observed by the EISCAT installation. A 
further incoherent scatter installation is at 
present being planned for Spitzbergen (Polar 
Cap Radar). 
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EISCAT Parameter UHF Radar VHF Radar 
Locations: (TR) 69° 35” N, 19°13" E 69° 35’ N, 19°13°R 
(KI) 67°51’ N, 20°26° E 
(SO) 67° 22’ N, 26°38’ E 
Average Frequency: 931.5 MHz 224.0 MHz 
Bandwidth: 8 MHz 3 MHz 
Pulse Power 1.7MW 1.5MW 
Average Power: 280 kW 140 kW 
Pulse Duration: lus-10ms lus - lms 
Minimum Pulse Interval: lms lms 
Aerials: Parabolic Mirror Parabolic Cylinder 
32 M Diameter 40Mx120M 
Exciter: Cassegrain 128 Elements 
Gain: 48.1dB 43.1dB 
Polarisation: (TR) Circular Circular, Linear 
(KI, SO) Any 
System Temperature: (TR) 90 -L10K 250 - 350K 
(KI, SO) 30-35K 


TR=Tromsé, KI=Kiruna, SO =Sodankyla 


Table: Operating Parameters of EISCAT Radar from (4, 5) 


2 
DESCRIPTION OF SCATTER- 
ECHOS 


In the scatter volume of the radar aerials, the 
contributions from the partial waves scattered 
into the individual electrons are superimposed 
on one another without any outstanding phase 
relationship existing. The incoherent super- 
imposition gave the scatter method its name. 


The scatter echo recorded by the receiver is 
extremely weak, for even the large numbers of 
electrons “‘lit up’’ in the aerial lobe lead, in 
all, only to a small total cross-section. We 
imagine that the ionosphere should in general 
be considered as transparent at frequencies of 
a few hundred MHz. The difference from one 
hundred per cent transparency is something 
worth assessing, using this measurement 
method. 


The scatter volume lit up by an ionosphere 
radar (circular aerial aperture at 1 degree x 1 
degree, 5Qus. transmission pulse) in the F 
region (height 300 km., electron density 102 
m*) leads to a total scatter cross-section of 
approximately 0.2 cm2. 


These areas, several hundred kilometres apart, 
can trigger no measurement signal from a 
single radar pulse, so that data integration is 
essential. For the positively charged ions, the 
scatter cross-section is smaller by the factor 
(mjm,)? (m being the individual particle 
mass), and so the ionic echo components are 
completely disregarded. 


It is possible to imagine a fictitious electron 
distribution in which the partial waves would 
always superimpose to zero. In the same way, 
it is possible to imagine a structured distribu- 
tion which favours constructive interference. 
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On the basis of these concepts, it can be 
pointed out that not only is the microscopic 
scatter process of importance but the macro- 
scopic organisation of the scattering medium 
also plays an important part. 


In reality, the electron distribution is irregular 
and fluctuating. This condition can be simula- 
ted mathematically by a superimposition of 
many short-wave and long-wave processes. 


A radar installation is not in a position to do 
more than sense irregularities, the wavelength 
of which corresponds to half the radar 
wavelength. For example, a 2M amateur 
station is dependent on irregularities with a 
length of approximately 1M. during an Aurora 
backscatter, whilst correspondingly smaller 
structures are responsible for 70cm Aurora 
contacts. 


This relationship applies irrespective of the 
primary scatter process (the Aurora backscat- 
ter events used by radio amateurs are, of 
course, not connected with the scatter method 
described here). 


The irregularities in electron density are, to a 
decisive extent, controlled by the positive 
ions, which have a larger mass (and thus are 
better carriers). In this way, a signature for the 
ions in the electron density distribution is 
obtained. Although the incoherent backscatter 
is carried exclusively by the electrons, we 
obtain valuable data on the ions in the 
ionosphere for this reason. 


In a similar way, and to a lesser degree, we 
also obtain information on the neutral parti- 
cles (at the heights observed, indeed, only 
about one-thousandth of the atmospheric 
particles are ionised, the neutral gas com- 
ponent being the numerically dominant frac- 
tion even in the ionosphere). 


58 


VHF COMMUNICATIONS 1/92 


3; 
BACKSCATTER SPECTRA 


Fig.2 shows a print-out from the data monitor, 
which shows the instantaneous measurement 
results from a real experiment. The measure- 
ments were carried out using the EISCAT 
UHF system (3). The diagram shows the 
scatter echoes obtained in Finland from the 
Norwegian transmitter. The small partial 
image shows the typical double hump form of 
the scatter spectra. 


In a real scatter experiment, we are interested 
in the total backscattered yield (on the basis of 
which is determined the electron density in the 
scatter volume), but predominantly in the 
frequency distribution of the scatter spectra 
(each of the electrons in motion triggers a 
Doppler shift, and in total these bring about a 
continuous total spectrum). The electron and 
ion temperatures (in the polar ionosphere up 
to several thousand K) can be derived, among 
other things, from the form of the scatter 
spectrum, but conductivity values, the number 
of collisions and the types of ions involved 
can also be determined. 


The drift speed of the ionospheric plasma (up 
to several thousands of metres/second in the 
polar ionosphere) can be determined from the 
Doppler shift of the total spectrum. The 
tri?static UHF system here supplies three 
Doppler measurements different from one 
another, from which the three coordinates of 
the speed vector can be calculated. 


With knowledge of the local field vector of 
the earth’s magnetism, the strength and 
direction of the electrostatic field in the 
ionosphere (typical value in the polar ionos- 
phere: 100 mV/m.) can be determined from 
the speed components vertical to the magnetic 
field (E x B -drift). 
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SOOMNKYLA 22.01.1965 22°20°59 UT — CEXPSP-RE-CAES-A-R Fig.2: 

AZ-EL*319.10, 8.70 P= 630 KT= 142 PHOANP= oS, 0 PPOs 2093-874 nar . 

€COR-PROGPI' DATA STATSO12003 CONTR=CID1EO STC# S35 635 EISCAT recording dated 

THT: O FOHER, 9 ACFS, 32 LAGS. @ INFRONT. SIGHAL Ii 2. ACF 22/01/85, Sodankyla (3). 

PERIOD= 10 HEAN OF ACF'S 4. 7 SUBTRACTED 

REAL PART SPECTRUM FROM 2. ACF The backscatter echo 
originates at a height of 
140 kmand is 690 km 
away. The lower 
section shows the real 
component of the auto 
correlation function, 
averaged over 10 secs, 

6. 3i02 52,5 -31.3 0.0 31.3 _é2.sexz_ following a first release 


T° eee 
4. 
APPLICATIONS 


Incoherent scatter radar installations make 
possible research into short term and long 
term, small scale and large scale changes in 
the ionosphere. 


The individual measurements attain temporal 
resolutions in the range between tenths of a 
minute and minutes, but with the assistance of 
the data collected in previous years annual 
oscillations or variations, which are connected 
with the sunspot cycle, can also be brought 
out. 


The spatial resolution can be a few hundred 
metres in the vertical or, under the influence 
of the earth’s rotation and the position of the 
sun which alters with it, can indicate the 
large-scale horizontal structure of the ionos- 


phere. 


The incoherent scatter radar installations 
installed in the polar latitudes can also provide 
hints on the magnetospheric processes which 
take place many thousand kilometres above 
the ionosphere. 


a 


of noise between the 
lags 34 - 64. The 
spectrum arose from a 
Fourier Transformation 
of the complex function. 


The lines of the earth’s magnetic field 
represent equivalent potential lines, which 
thicken as they approach the earth from the 
direction of the magnetosphere. Electrical 
potential differences triggered in the magne- 
tosphere are in this way reflected in the polar 
ionosphere under amplification. 


Since the magnetospheric processes are con- 
nected with the flow of particles from the sun, 
ionospheric processes can also be studied in 
relation to the solar wind or to the sector 
structure of the interplanetary magnetic field. 
In research of this latter kind, the incoherent 
scatter data are combined, for example, with 
the results of the observations from satellite- 
aided experiments. 
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TIMESTEP 


wee tame Pisy ley Meee oo. Lata 


HRPT System 


Noise-free digital HRPT transmissions from NOAA, with a ground resolution of just 1.1m, allow 
images to be received in incredible clarity, Rivers, lakes, mountains, cities and even small towns can be 
seen on good days. Fishermen will appreciate the increased resolution of sea surface temperatures 


Image processing, including variable and histogram contrast equalisation combined with full colour 
editing, gives the best possible results from any image. Colour enhancement allows sea surface 

temperature and land details to stand out in high contrast. Any number of colou 
for future use. The sophisticated mouse-driven software allo 
on nearly all a oA cards right up to 1024 pix 


palettes can be 
all five bands to be saved and disp 
. 768 lines and 256 colours 


Zoom to greater 
zoom tha 


ian pixel level is available from both a mouse-dri 
allows real time dynamic panning 


Z00M DOX OY usINnG @ roart 


Sections of the image may be saved and converted to GIF images for easy exchange 


Latitude and longitude gridding combined with a mouse pointer readout of temperature will be available 
late in 1991 


Tracking the satellite is easy and fun! Marwal tracking is very simple as the pass is about 15 minutes 
long, A tracking system is under development and expected by the end of 1991, A 4-foot dish and good 
pre-amplifier are recommended. The Timestep Receiver is self-contained in an external case and 
features multi-channel operation and a moving-coll S meter for p > signal strength measurement and 
tracking. The data card is a Timestep design made under licence from John DuBois and Ed Murashie 


Complete systems are available, call or write for a colour brochure. 


trum. Interr 


USA Amateur Dealer. Sp 


Wickhambrook Newmarket CB8 8QA England Tel: (0440) 820040 Fax: (0440) 820281 


62 


VHF COMMUNICATIONS 1/92 es 


ee 


VGASAT IV & MegaNOAA APT Systems 
1024 x 768 x 256 Resolution and 3D 


The Timestep Satellite System can receive images from Meteosat, GOES, GMS, NOAA, Meteor, Okean 
and Feng Yun Using an IBM PC-compatible computer enables the display of up to 1024 pixels, 768 

6 simultaneous s or grey shades depending on the graphic card fitted. We actively 
own VGA and SVGA cards. Extensive image processing includes realistic 3D 


ines 


projeciion, 


100 Frame Automatic Animation 
Animation of up to 100 full screen frames from GOES and Meteosat is built in. We call this ‘stand alone 
animation’ as it automatically re Ss, stores them and continuously displays thern. Old images 
automatically deleted and updated with new images. The smooth animated images are completely 
f y-free. Once set in operation with a single mouse click, the program will always show the latest 
animation sequence without any further operator action. 


NOAA meee fe and her ppt pc Calibration 


e 


es imag 


e data. Automatic gridd f 
ter days. Spectacular colour 1ilt in for sunny summer days. Self-ca siete temperature a 
e enabl les the mouse pointer to show longitude, latitude and temperature simultaneously. 


Equipment 


Meteosat/Goes 

7 1.0M dish antenna (UK only) 7 Yagi antenna 
O Preamplifier 20M microwave cable 

7 Meteosat/GOES receiver 

O VGASAT IV capture card 

5 Capture ca jer cable 

11 Dish fee » tin type} 

Polar/NOAA 

1 Crossed dipole antenna 

7 Quadritilar Helix antenna (late 1991) 0 Preamplifier 
2 channel NOAA receiver 1 PROscan receiver 


arial Materials 
IL 60651 


Scientific. £ 
@ Street. Chicago 


ctrum Intermotional. P.O. Box 1084 

508 263 2145 
TIMESTEP WEATHER SYSTEMS 

Wickhambrook Newmarket CB8 8QA England Tel: (0440) 820040 Fax: (0440) 820281 
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MATERIAL PRICE LIST OF EQUIPMENT 
described in VHF COMMUNICATIONS 


DJ8ES FM ATV Receiver for the 23cm Band Art.No. Ed, 1/1991 
Converter 

PCB DJ8ES 001 double-sided 6347 DM 22.00 
Components DJ8ES 001 6348 DM 179.00 
Kit DJ8ES 001 complete 6349 DM 194.00 
Digital Frequency Indicator 

PCB DJ8ES 002 double-sided 6350 DM_ 19.80 
Components DJ8ES 002 6351 DM 94.00 
Kit DJ8ES 002 complete 6352 DM 110.00 
IF Amplifier 

PCB DJ8ES 003 double-sided 6353 DM _ 15.00 
Components DJ8ES 003 6354 DM 105.00 
Kit DJ8ES 003 complete 6355 DM 115.00 
Demodulator 

PCB DJ8ES 004 double-sided 6356 DM_ 19.00 
Components DJ8ES 004 6357 DM 136.00 
Kit DJ8ES 004 complete 6362 DM 150.00 
DBINV Digital Storage for the Spectrum Analyser Art.No. Ed. 3/1991 
PCB DBINV EXper.1 (ed... ) 6475 DM 29.90 
PCB DBINV EXper.11 (solder spots 2.3 x Imm) 6476 DM 29.90 
PCB DBINV 010 6477 DM 44.00 
Special DBINV 010, incl. programmed EPROM 6478 DM 276.00 
Components: DBINV 010, EPROM only 10080 DM 44.00 


DD2EK Modifications of the FM-ATV TX DD2EK 002 Art.No. Ed. 3/1991 


PCB DD2EK 002 6150 DM_ 28.00 
Kit DD2EK 002 without crystal but with MSA1104 6152/2 DM 145.00 
Crystal DD2EK 002 please give specified frequency 6153 DM 46.00 


Post and packing minimum charges DM 14.00 


The above items are all supplied by, and obtained from, UK W-Berichte in Germany. 


To obtain supplies please contact your country representative for details of local prices and 
availability. Alternatively, you may order direct from UK W-Berichte or via KM Publications, 
whose addresses may be found on the inside front cover of this magazine. 
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VHF COMMUNICATIONS 


@ Attractive plastic covered in VHF blue 

@ Accepts up to 12 editions (three volumes) 

@ Allows any required copy to be found easily 
@ Keeps the XYL happy and contented 


@ Will be sent anywhere in the world for 
DM8.00 + post and packing 


Please order your binder via the national 
representative or directly from UK W-BERICHTE, 
Terry Bittan OHG (see below) 


The elder editions of VHF COMMUNICATIONS are 
still obtainable for reduced prices from the publishers 
of UKW-Berichte. 


Subscription Volume __ Individual copy 
VHF COMMUNICATIONS 1992 each DM38.00 each DM10.00 
VHF COMMUNICATIONS 1991 each DM35.00 each DM10.00 
VHF COMMUNICATIONS 1990 each DM27.00 each DM 7.50 
VHF COMMUNICATIONS 1988 to 1989 each DM25.00 each DM 7.50 
VHF COMMUNICATIONS 1986 to 1987 each DM24.00 each DM 7.00 
VHF COMMUNICATIONS 1985 each DM20.00 each DM 6.00 
VHF COMMUNICATIONS 1980 to 1984 — each DM16.00 each DM 4.50 


(Edition 3/1982 no longer available) 


Individual copies out of elder, incomplete volumes, as long as stock lasts: 


1, 2, 4/1972 * 2, 4/1973 * 1, 3/1974 * 1, 2, 3, 4/1975 each DM 2.00 
3, 4/1976 * 1, 4/1977 * 1, 2/1978 * 1, 2, 3/1979 each DM 2.00 
Plastic binder for 3 volumes each DM_ 8.00 
Post and packing minimum charges DM 14.00 


Tel: 09133-47-0 * Telefax 09133-4747 * Postgiro Ntirburg 30455-858 code 760 100 85 
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eRuns on;- PC/XT/AT/ 
286/ 386/486 with 
Herc, CGA, EGA or 
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Multilayer boards. 
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Mount support. 
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eNot copy protected. 


Options: 


Only 


1000 piece Symbol Library £38, Gerber Import facility £98 


DIGITAL 


SIMULATION £195 


@At last! A full featured Digital 
Circuit Simulator for less than 
£1000! 

@PULSAR allows you to test your 
designs without the need for 
expensive test equipment. 

Catch glitches down to a pico 
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and 74LS Libraries 

Runs on PC/XT/AT/286/386/486 
with EGA or VGA. 

@Not Copy protected. 
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SIMULATION £195 


eNEW powerful ANALYSER III has 
full graphical output. 

eHandles R’s,L's,C's, BUT’s, 
FET's, OP-amp's, Tapped and 
Untapped Transformers, and 
Microstrip and Co-axial 
Transmission Lines. 

eCalculates Input and Output 
Impedance, Gain & Group Delay. 

Covers 0.001 Hz to > 10GHz 

e@Runs on PC/XT/AT/286/386/486 
with EGA or VGA. 

@Not Copy protected. 


SMITH CHART CAD 


e@Z-MATCH II simplifies RF 
matching and includes many 
more features than the standard 
Smith Chart. 

eHandles transmission line 
transformers, stubs, discrete 
components, S Parameters etc. 

eSupplied with many worked 
examples. 

Superbly easy to learn and use. 

eRuns on IBM PC/XT/AT/386/486, 
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@Not Copy protected. 
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